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Appendix: The basic reproduction number
In order to calculate the basic reproduction number under periodic environment, we need to consider the following system 
The disease-free equilibrium of the system (1)
Taking the partial derivative of above vectors about variables I m ,I w ,I p , V m ,V w ,V p and substituting the disease-free equilibrium, we have
Next, we establish the following system :
with parameter λ ∈ R. Let W (t, s, λ), t ≥ s, be the evolution operator of system (2) on R 2 . In fact, W (t, s, λ) = Φ F λ −V (t) and Φ F −V (t) = W (t, 0, 1), ∀t ≥ 0. By theorems 2.1 and 2.2, 1 the basic reproduction number also can be defined as λ 0 such that ρ(Φ F λ 0 −V (ω)) = 1.
